Background: Ireland has traditionally operated a liberal policy of voluntary fortification but 2 little is known about how this practice, along with supplement use, affects population intakes 3 and status of folate and vitamin B-12. 4 Objective: To examine the relative impact of voluntary fortification and supplement use on 5 dietary intakes and biomarker status of folate and vitamin B-12 in Irish adults. 6 Design: Folic acid and vitamin B-12 from fortified foods and supplements were estimated 7 using brand information for participants from the cross sectional National Adult Nutrition 8 Survey 2008-10. Dietary and biomarker values were compared across six mutually exclusive 9 consumption groups formed on the basis of folic acid intake.
INTRODUCTION
Folate has a well-established role in the prevention of NTDs (1, 2) and more recently, the 28 metabolically related B vitamin, vitamin B-12 has also been shown to have a protective role 29 independent of folate (3) . Folate is available in the diet either in natural forms occurring in a 30 variety of foodstuffs or in the synthetic form as folic acid which is present only in dietary 31 supplements and fortified foods. Government bodies worldwide advise women of 32 reproductive age to consume a daily folic acid supplement for NTD prevention. However, 33 public health campaigns have been largely unsuccessful (4) and as a result some countries 34 have opted for a policy of mandatory folic acid fortification of flour or bread alongside 35 recommendations on supplement use. Mandatory fortification has been highly effective in 36 reducing the number of NTD-affected pregnancies in these countries (5, 6) . Nonetheless, 37 certain concerns have been raised that the subsequent increase in folic acid intakes across all 38 population subgroups may have unintended harmful effects on health such as masking of 39 pernicious anaemia (7) , colorectal cancer promotion in people with pre-existing lesions (8) or 40 even incident cancer in elderly populations (9) or adverse cognitive effects in older adults 41 with low vitamin B-12 status (10) . Consequently, The US National Health and Nutrition
Blood Sampling and Biomarker Analysis
Participants who consented to give a blood sample were asked to attend a designated 152 phlebotomy clinic within their area or for older adults who were unable to travel, the samples 153 were collected in the participant's' home by a qualified phlebotomist. All participants were 154 asked to fast from food, beverages and supplements overnight for 12hrs prior to their 155 appointment the following morning. All statistical analyses were performed using PASW version 18 (SPSS Inc. Chicago, IL, 174 USA). The distributions of all dietary variables and biomarkers were positively skewed; 175 therefore the data were presented as medians and interquartile ranges. The n value was 176 reduced slightly for analyses on biomarker variables to take account of missing data for some Irish population with respect to these demographics. (18) . Furthermore, the use of folic acid 213 or vitamin B-12 supplements was similar between those included in the present analysis 214 (14%) and those participants who did not provide a blood sample (13%).There were no 215 significant differences in biomarker concentrations between fasting (n=895) and non-fasting 296 The results showed that consumption of voluntarily fortified foods and supplements were 297 each associated with significantly higher biomarker status of folate in a nationally 
Folate and Vitamin B-12 Intakes in the Total Population

DISCUSSION
304
Similar to a recent Irish study (27) , we observed an adequate folate status and a low 305 prevalence of clinical deficiency in the general population. This could be partially attributed 306 to an increase in voluntary fortification practices in Ireland as our results show an increase 307 both in the number of consumers (from 67% to 79%) and total folate intakes (by ≈ 50µg/d) 308 over the past decade (28) . As per similar studies in Northern Ireland (29) and the US (11), 309 with increased consumption of folic acid from fortified foods there was a significant increase 310 in RBC folate status, a long term measure of folate status. Furthermore, the magnitude of 311 increase in RBC folate status (26%) between the 'medium' (825nmol/L) and 'high'
312
(1040nmol/L) folic acid consumer groups was similar to that estimated for a doubling of 313 supplemental doses in the range of 50-400µg/d (30) . Moreover, high fortified food consumers 314 (median intake 180µg/d) had similar RBC folate and tHcy concentrations to that of 315 supplement users, supporting previous research showing the effectiveness of chronic low dose 316 folic acid intake in improving RBC folate status (31, 32) , and lowering tHcy concentrations 317 (33) . Also, of note, high fortified food consumers in the current study had comparable serum 318 folate and RBC folate concentrations to non-supplement users in the US (34) . Collectively, 319 these observations support the view that chronic low dose folic acid consumption from voluntary fortification has the potential to be as effective as both supplement use and 321 mandatory fortification, at least when mean folate values are considered. The notable 322 difference between mandatory and voluntary fortification however, is that the impact of the 323 latter will be entirely dependent on individual food choices, and the much lower folate status 324 of non-consumers of fortified foods (compared with mean population folate values) may have 325 been overlooked previously. The current results showed that non-consumers of folic acid 326 from fortified food or supplements (18% of the Irish population) were at much greater risk of 327 suboptimal folate status compared with the population as a whole. Of greatest concern, the 328 majority of young women (66%) in the present study had suboptimal RBC folate for 329 maximum protection against NTDs (26) and this was most evident among non-consumers of 330 folic acid (84%), thus highlighting the disproportionate efficacy of voluntary fortification as a 331 public health measure to prevent NTD. Furthermore, only 16% of young women reported use 332 of folic acid supplements. These findings would therefore support the view that mandatory 333 fortification is the only way to ensure some protection to all women against NTDs. that supplement use was more likely to contribute to intakes above the tolerable upper level 341 rather than fortification, which is in agreement with data from the US and Canada (11, 36) .
342
The significance of high serum folate concentrations (>45nmol/l) detected in 19% of the 343 population is unclear but it has been correlated with unmetabolised folic acid in plasma (37) 344 which in turn has been hypothesised to mediate some of the adverse effects associated with high folic acid (9) . In the interim, continued monitoring of folic acid intakes from voluntary removed from the analysis on the basis that the estimated intake was considered highly unlikely to be representative of true intake from food sources (i.e. DFE=2400 µg/d)
Figure 2
Relation between serum vitamin B-12 concentration and total dietary vitamin B-12 intake 
Figure 3
Proportion of women of reproductive age (18-50ys) with optimal folate (≥907nmol/L) (26) and vitamin B-12 status (>221pmol/L) (3) for protection against NTDs according to intake of folic acid fortified foods and supplements. Non-consumers consumed no folic acid during food diary.
Those who consumed folic acid from fortified foods during the food diary but not supplements were stratified into tertiles of folic acid intake; low consumers (1-33μg/d), medium consumers 
